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Abstract 


PROBLEM TO BE SOLVED: To obtain a Pt film which has such a high oxygen bamer property that does 
not allow oxygen to reach a bamer layer through the Pt film by making the lengths of Pt crystal grains in 
the Pt film in the thickness direction of the film shorter than the thickness of the film and the length of 
intercrystalline boundaries longer than the thickness of the film. 

SOLUTION: After a TiN film 2 is formed on an Si substrate 1 as a barrier layer by sputtering, a Pt film 3 is 
formed on the film 2 by sputtering and the sputtering is temporarily stopped by lowering the power. 
Thereafter, the formation of the film 3 is restarted under the same condition. When the film 3 is formed in 
two stages in such a way, the lengths of Pt crystal grains in the thickness direction of the film 3 becomes 
shorter than the thickness of the film 3 and intercrystalline boundaries which are the permeating paths of 
oxygen can be made longer. Consequently, the oxygen barrier property of the film 3 can be improved and 
the thickness of the film 3 which is formed as the lower electrode of a capacitor can be reduced to lOOnm 
Therefore, the capacitance element of a DRAM can be made smaller in size and increased in degree of 
integration when capacitance and storage elements are formed by using this film 3. 
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1 1 1 wxtm'om-tztizX'yxm&ti^zti^m 
rmm] m^mii}'h4<D^^-rtiAHzsm^m~<D 

ms<7)::^j-<y^juy^yi^i^ir'>fzmz±.B<7)Mi:m& 

imwLti>zti'M^£<bhm\!}JMr&fzb^zi 
'>xi^mhz>imw.k.i-i>^wmm.^m.i^m, 
cii$ii9 ] is$3S 1 4 <7)v^-ff^A>{cfee^o^z<o 

\^^^x'i&^^ixhztinmfth^mw.t&w^m. 


im^i 1 ] mmoiz^co. ^it^^im^ 

[fSil^JSl 2] lf^9k:ieKo. Sl^bS-frSjaK^ 

\^tt-X'i&A^tihz b i:mLbti>^iiim's<7)mk 

iiwmjs^X'Si 0 , Til J: 0 h±.j§<r>:^imimmijm 
m, 

mm 1 4 1 fs^ 9 tcias^^, 

imm. 1 6 ] fS«« 1 1 5<r>\^irtit^fz^(r)W> 
-(nTW>%W.i&±XhhZb -k^b-fh^^ 

mm 1 7 1 1 etieac^^zc^TSsmse^ 
mm 1 8 1 1 t^h 1 7^v^-m*^{ciB®<^)m 

[000 1] 
[000 2] 

(DRAM) {i^^J:•5■3*■C4fgcOigS^^b!^^T=3:i5i^■Cv^ 

Xh^\J-^i^-!^m^<7ii^±m^'ii^j:hixXttz, mtt 

82fiO-^ 'J 3 vKfllJa ( Si02 ) ^ifci^m^~8<7)i^ U 3 y 
MfkK (Si3N4) tm\^(>flXttz. L*>L, 256^;*'t' 

M.\n^xv\znWk'^'thmm o , i^K^ktcff o -cti 

bWS 'J - :J'18Si*>'ilFSI®^«:il8^ I. . itmm$*^- 
ZSc^^'y^ywe^tlS (Ta205) <OSffl*<eirt$tl"C^^I. 
^tlX'i^mS)^WiM-\.%tM^Xhh. ^cOTa205$r 
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hay^^A^S ym^<V'yM,^^j:h-h (Ba. Sr) TiO 
3. ^^'>gfifS-r=5ri5^PbTi03. ^^'yKi^VPnr/KfS 
tKch-hPb (Ti. Zr) 03tcft^$nSJ:9^'^ar;^;<r 

mi4$-itoPbTi03, Pb (TU Zr) 03. Bi^l^SSI^mf* 

t&Biim*^(>m^±if^tifzry^ (Si) t^y99hi 

t J: 0 i^'J^f^ Hfl:Ric^ec:-r. -fS i:Si*<jeSlS'\ 
ffiliL-Cll®i7)ffiT$:5l^ie^-r7t:*^. Sii:<7)ISItTiN 

[0003] 

BliT'S>D, PtKiIA<II<^:i.<:SSm!lDXAiSlitct- 

^mmM-^X'hh. 

[0004] 

[piis-M^-r.S7::y)j7)^g] ptKosssiajiPt^B^B 

'mrcibUi. SB^Bel?^^O^v^PtK$:^#?^{^J:v^. -fd 
-ri)C>{cJ:-?T, PtJ0KlI*^'aE<^-3TtK#<0Sia 

L, *SB^Bf4*W*-|*Itcii^W{co^*i^. ^(Dtz^, 

l^:frlfil<7)SB^Bf4c^:^$ A^'lS^f i 0 1>/]^$ < , ^B^afilf 
'>^:< i:iPtKi¥J:'3t:^<^SJ:^tw-tS 


X'^?>. 
[00051 

■y:S'mizXr,XSimS.±lzm&L^. S«a.S300iC. N 
2Sat28sccB, ArgES4sccii, EE^lO.eaTorr, DG''?V-12 
mzX'^KC'i^. ;^>'N*-y^'^raJi60»T\ TiNffi{450nn 
m&Lfz. »:^CTiNK±t:PtK?:^>'^•■y^&^cJ:OJgB!t 
L;t. ^-fSSaaSOCrc, AtbSSIOOscccii. ff^3«Tor 
r, DCN-y-12kWmS:50nBmL. -^VN'V-tr^i: 
tXXJ< y:^mt±Lti. ^(mm^XPti:^^{Z50 
mm&Uz. m 1 t=-&fH00niii}gfigL/cPt«OBi®l8jt$- 
S^-r. Pt^«r2SP^)S-ri.C:i:lcJ:o-C. ^B^ae^^lS 

[00061 it^cr>t:t>lZ, Pt^ra^LTlOOni^gfigL 
^ci^<0Br®«jt^E3t5^-r. }gJi!t^miS«iaJK30 
or. Arc£SlOOsccc«, E:^3iiiTorr. tU^V-lTkfiiX'h 

[0007] <xizmm<^^^vT&iimLt:. rmmi. 

m<7)¥f^^i:m&Lt:m^X'-my^'7-t:mt LX:^^'^-/ 
^^i¥±lt:{,c7){:mMlfz. ^ii^cDPt^izmiY 
yUyVUS-ClOOnnmL. 65(rC. 2^<7)Wm^mS\J&Fa 

SI,MS^cJ:->Tg^$:^r^6]7c3^i5•flf^^^T^:V^, TiNK-flM 
<7)Ta5^SPtKi?{Scll?tt2r*a^7t:. JS^Sria4lCS^-r. 
ta!*a{fioa^fi£Pti^)J^, 150niiiaTfc:jiS-fk-rs 

-e^tlC^tL, *l|BHt=J:*2apgJgfi!tPtlSc^J^, PtK 
iSlOOtuiJilTT i i^-ft $ V %C , 
[0 008] *^BB<:fflv^Tmt/cPt^2:fflv^T, § 

100nii(^)Pt$:ffll^/v:. ta!3K:^S<03^^^-C-«TiNIS 

v^^^.{^DRAM^:3lffl fc t y ^zmm 

ix{>^M.imm=i"c Lx<^W)mmt2.^iirz. 

[0009] Ptc7)S^Ba<^KS:^lSl<0^5 SrHilJ: 0 1 
/h$<-fS:^tL-CJi, ^4'-C'}gfi!t$:ff±$-^^wPta 

miiii^Bm 1 -c* Lfzfkn-X'm& uznafSinzmuiSi 

g300X;. ArgSLtlOCsccca, ff:^]3aTorr, DC^n*7-121cW 
•C-Pt$:50niiimL. -i$fgo:^gaSii:$rffo^^. -f-c^l^ 
PI^f^T-PtS:$f>(c50nii}B^L^v:. PtsoBrffiJSitJiS 1 

[0010] 'd:izstm<^j<OT\ti:tmuz. nNmJb 
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Lf: . ^il ^,c7)Pt±KPZT 5: Y/\^y)\^mX'lOOnsm& L . 
650T:. 2^cr>^mnmfc{^^aitr--)]^i:n^j:r>t:U 

[0011] ^^mim^'^xm&LtzPtmim^^x . § 

fz. i^m^mm^trnx-ariiimmit^ti. ^ 

m Lx Lmmi*iTm^j< ^ u izmm ix tm&.Bm 
m^b ixc^mmmm^tifz, 

iaSSOO'C. .Argi[filO0scccni. ff^jSmTorr, DC>'N'7-12k 
WC'Pt2:50nniJg)5gL, MiST'Ar^lOOscccni. E^jSnTor 
r. DC>'N'V-200«-C'l:Ji-fa<?)X>N--y^'X-yf-$-ff->;t. 
^:r)^m^flrX'?t ^wSOnaJ^fig L/v: . Pti^BSffilffit 

(0013] rttSrifclSL^v:. TiNKJ: 

{C50nin*» <i) 200nim5: -y ^' ?£ J: ^ -C J^BK L J^C . 

*•^f o /-^ iiOarfflS L^t . ^tlf>ff)Pt±lznii:Y)\^y 
ll'&X'lOQnam&L , 650*C. 2:}i-<7)i!^55:H^B^8-fkr 

^zx-^xm^nt^Ttm^Vrim^K rimitm!^(r>T 
&n,mptmmtm^i^^fz . w^tc i i.;^vN--y 

{=PtKJ?100nmtJlT-et Sfk$ii=5:v^C: i: t^M^-^tz. 
(0014] 2|=:^BMffl^^TmLmK5^fflV^-C, S 

1 T'* L/::[a5 1 |5ia-C'J)€. . MlllOOnmeoPtSrfflv^ 

(0015] pm^ik%k<r>mmit^<^^i:m-x •? t> 

'jN$<-r6:^rffi> LX\t. '^^X'm^*:^L^'^zPt^ 

mx'^^Ltzfk^x'm^Lfzrxm}j.zwm^2tx>'c, 

ArSLtlOOscccm, Si^SmTorr, DCs'y-lZkWm^rSOniD 
BfigL^cfS{cr7XT$-f?±L, S®iSS?:6(X)X:^-C- 
L T 10:«-rajD.»5!&S L/C . -ei^f^I^^fr-CPtJ- $ ^> 


tCSOnaJg^ L/C . Pt<7)BfBfl!it{iS 1 L /c t i: IS] 

m-h-^tz. 

(00161 mzmM(r>/^'Jr'&iimLit. TiN^ 
t50n>*><i>200nii<7DPt$:XyN- y ^aiCi -iXB^Ltl. 

vmmi.zj;:hwm^Ltzh<r)b. ^%mzxhP\m 

W.Witim^Lt:^}^X't\Smmi:^'^ti{>(r>^mM. 

L/C. 'en<bm±{cpzT?:r/i^y/i/&-cioonrigj£L. 

fiSrf^^LJt, ■eti<b«DSe^fJrSI.MSfc:iot"ai$:^rffil7C 
*5i•*fS:^T=S^V^. TiNi^^l:iKif<OTgSmffiPtl^^t^?tt 

mcmm l PiatPtKJf lOOnmJaT-C' t K^t? 

(00171 *^B^$-ffl(r%TJBJ«L/cPtlS5rfflv^-C, S 
fiiefi*i^?:f^fi!tL/c. SSCBfSaJi^^c^llSfiOJg® 
1 "C^ L^H 5 1 mUX-h S . KJf lOOnimSrfflV ^ 

/c. mc)im<7iwmm.WiX'\ir\mt<mc^ix. ^ 

ffl LT t,5$^»^SI6tt> ^ 'J lijiffi IX t §sie<i 
3B^<: Lt<?)Sif^**?il2$ix/c. 

(00181 pt<^^im<r>mmj\^<n^^iWimii o t 

/jN$<tS:^ai:L-C{i, ^4'-CPt<0^VN--y:?^l:S! 

thfimmh, ^B^onifif^j^siT* 

L/:^ff=t'J^fi£L/cTiN|gll:tCS«iajS300'C, ArcSSlO 
Osccci. E^jSmTorr, DC^N''7-12kWmSr50nBjg^L/c 

f^icssjajKS:2oo'c^T'KaLt:, Arssai o o s c 

c cm. E:*j3mTo r r. DC/N"V-12krCPt$-S 
50namL/c. 02{:-&lf-lOOnaJgB!^L/:Pt^»rBD«jt 

i^j-^xx'hhtMi'^mi^< thzb t^x-t tz, mizm 
^'PX'mmsL&^:±^fi -i tizx-^x h^^fm<om 

^j:h2mmmzthZ'ci}^X-th. s«^as^:o^,^■c^i 

zzx'TjkUz^mzm-^fzijcox'ii^^K . imcomiRigi 
(00191 mzwsm(7)y^vTii^tmuz. rinm±. 

tC50nni*>f>200nnm$rXyN' y ^'ittC i -5-CJg^L/c. 

m^imx'him-mmm.x''MWB&if::{^<nb. * 
^B^izx hPtim<7)i^^vmsiiSLSii:^it^-±tztc^^ 
ffls L/C . -eil ';>«^pt±tcpn s- r/uyyuaT-ioonmjg^ 

L, 650r, 2^<^SSIg#H5^^tr--/U$rtT^o 
/c^f4$:f^B£L/c. ^jxt>(7^^A^:Sl}^izX'^xmij 
i6]7cS^J-ff$-ff=3:<.\ TiNl?WlcOTS5m®PtKir«Sc 
#145-«tf)/:. *j^BJtc:J:SSSaS$r3E^k$-«*:/cPtK 
<7)it^, j%HB<7)||J£<7)Jg®l<O^-^i:[^«tPtKei00n 

ioo20]:^m*:m\>^xm&uzPtmm^^x, s 
fiieiss?^ 5: f^Bit L/C . w^}Simmii^n<7)mMi<7)j&m 

l-C-jrL/c05i:ISI«-CJ>S. K^?100nm^OPt$•fflV^ 

/c. fi!*:fi-ft«o(i|-^ftPts-CJ±TiNK*^^l:$n. p< 
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Lxmmmm^titz, 

(002 11 Pt^^B=af4<7)jgif :^ri6jO:g$ ^KifCJ: 0 i> 

i.i>:^ffiA>**i.. s«5fi<jt:<±, m<omn^mmixir: 

Oscccm. E:^3niTorr. DD\*'7-12kWT-Pt?:50ni!}g^L;'t: 
t^{cE:^$:5mTorriT-li-^tT, ^iaK300-C, ArgS 
ilOOsccca, DC/N-'7-12kWC-Pt$r$<9tC50naJgBgLyi. 
Pt<7)Br®tSiS{±ll2{c^L7ttcOi:|5l«-CS,-,^c. ffitc 
J^fi£ji4'-C'E^J S-Ttf S C t tc J: t ^B^aSgiOS^r 
5 2 iSflljitc-ri. c: b S . E:'3{cov ^Xliz ZX' 
7rlfz^i.zm-yfzi>cr>X'li^j:<\ 2m<r>S.-))1kWti^y 

tc<t{j UTorrl.:UlS=5:o-CV^*l{f iV^. 
[0022] mzf^<r>^'^^)r'&iimLtz, TiNK± 
lC50nin*>;o200nin<7)Pt$-X>'N"-y J: oT^^tTt. 

mimiX'hm-s.-hxwm^Ltzh<r)b. *%bj 

t J: SPtKil0^^rE^i$:3g-ft$-tfn: t<7)*-fflSL 
tz. ^iX{^<n?t±.\zmiY>V*riVmX'\<XimmWiL, 65 
ox;, 2^i7)K^#H5\i^ffffbT--;U*ff=5ro7::^f4 

x^^Ltz. iixh<^mmis\¥s<,zX'^xm^-)j\t!\Tm 
i^^fz, :iF.^mzi.hSi-h*:^i}L^^tzn.^<n>^. ^ 

C0 0 2 3] *5|BB*:fflv^TJgfi£UwPtll$'fflv%-C. S 
IT'^Lj'viHSfclHl^-r-i)!). KJIlC0niiKOPtS:fflV> 

7^0, «!*:^j£co|5i-^frptM-c-«iTiNJS*iSSfl:$fT., ^ 
ffl LT i^mmm^nm:^ t u taw l-c i^aiefi 

C 0 0 2 4 J PWISfB?4<OKii:^f6)cO:g$ S-^J: 0 1 

Oscccm. E^jSmTorr. D0"«7 -12kl(r<:-fi2:^jSjK20nii/S'^ 
T'PtSr SOnmSfiS L^^f^tZDCv N--? - 5:8k«^ T'S^ i LX , 
SKiSSSOOX:, Ar^lOOscccm, E:*]3inTorr-C^;Si$ 
a5:15nin/S''*TWCPt5-$^>tC50nmJg^t;t. Pt<0 
ffiffitSjt{ill2 (IS^ L7t t <0i: |5l«-C-S) . mzl&& 

h 2 mmMz-th Z t ifX'% h , fi£:g2JSt:ov^-c liC 

zx'^^Ltz^^f.zm-^rz\,<7iX'm<. 2m<^^^m. 
(00251 mzm^cr>^<o T^i:imLtz. miSit 


mmx'hhm-^^mmv^m&ttihcob, * 

J: S PtKJ?<r)^ii-CBg:g3$S$'S!-fl:S -tir^: t 
fflS L/i, ^ixe,<0Pt±lZ?T[iYjuy)VmX'mnw3B& 
L. 650X;, 2^<Ol?S#HSltefiil:r--;l.^fif=5:-> 

jtiiSfis-f^BgtTt:. ^ff)m\mieizxr>xm^t{^7t 

i^ibfz. ^^mizxi>&M^im:$-^tzPtm<7>m 
m(r>mf^<r>jBm 1 (^m^k isiamis^ioonmja 

[00261 *^BH?rfflV^-CJgJS tmM$-fflUT. § 

lt-^Uv:05i:ll«-CJ>S. Ki?100nm<^Pt^fflV^ 
fi!*:fi-^|SI-*<mK-C{iTiNK*^^§it, ^ 

«^ t Lx<7)imimm^ixfz, 

[00271 

251iliPt|g;f$-100nm^-C-^^itT'#S. ^(^fz^fi. DRA 

m 1 1 ^%^miih2m§mm.^mmm^^:7T^-f 

[132 1 i?i%mzi:h^m.W^m:h 2mm&ii^h^j: 

m, 

[05 1 *^HBCcJ:5Pt(S&fflv^7t:SfiieigS^i7)ga5 
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